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Somatic Growth in Children
With Single Ventricle Physiology
Impact of Physiologic State
Kelly N. Vogt, BSC,* Cedric Manlhiot, BSC,* Glen Van Arsdell, MD,† Jennifer L. Russell, MD,*
Seema Mital, MD,* Brian W. McCrindle, MD, MPH*
Toronto, Ontario, Canada
Objectives We sought to define somatic growth patterns for patients with single ventricle (SV) physiology and associated factors.
Background Infants with SV physiology might have somatic growth retardation associated with volume overload and hypox-
emia, which might improve after surgical palliation.
Methods We reviewed 126 patients (35% male) who underwent the Fontan procedure from 1994 to 2004. Demographic
data, hemodynamic variables, and surgical procedures were recorded. Serial weights and heights were con-
verted to z-scores. Linear regression analysis adjusted for repeated measures was used to model growth trends.
Results Median z-score for weight was 0.7 at birth, 1.6 before bidirectional cavopulmonary shunt (BCPS),0.7 before
Fontan procedure, and 0.7 after Fontan procedure. A significant decline in z-scores for weight was seen before
BCPS, which was reversed after the hemi-Fontan and stabilized after Fontan procedure. The z-scores for weight before
the BCPS were lower in patients with lower birth weight (p 0.01), nutritional difficulties (p 0.01), and higher right
atrial pressures (p  0.02). After the BCPS, impaired growth was seen in patients who had systemic venous collater-
als (p  0.01). Patients who had collaterals embolized had the same growth trends as patients with no col-
laterals (p  0.29).
Conclusions Infants with SV physiology show impaired somatic growth before BCPS. Although catch-up growth occurs after
BCPS, effective interventions such as more intensive nutritional strategies before BCPS might be targeted at this
high-risk population. The presence of systemic venous collaterals might impede growth secondary to hemodynamic
impairment. Embolization of collaterals might allow for maximum growth potential. (J Am Coll Cardiol 2007;50:
1876–83) © 2007 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.07.050F
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dor patients with congenital heart disease, somatic growth
etardation has been well described (1–5). The cause of
rowth failure is multifactorial and might include poor
utrition, increased metabolic requirements, endocrine fac-
ors, impaired hemodynamic status, and hypoxemia (6). For
any congenital heart defects, early surgical repair has been
hown to lead to improved growth (2,5–8).
Children with single ventricle (SV) physiology repre-
ent a heterogeneous group of patients with varying
nderlying diagnoses. Single ventricle physiology is as-
ociated with congestive heart failure and hypoxemia.
urgical intervention aims to optimize systemic and
ulmonary blood flow through staged palliation including
bidirectional cavopulmonary shunt (BCPS) followed by
rom the *Division of Cardiology, Department of Pediatrics, and the †Division of
ardiothoracic Surgery, Department of Surgery, University of Toronto, The Labatt
amily Heart Centre, The Hospital for Sick Children, Toronto, Ontario, Canada.n
Manuscript received June 18, 2007; revised manuscript received July 24, 2007,
ccepted July 31, 2007.ontan procedure (9). It is thought that early surgical
ntervention and therefore early removal of volume over-
oad and cyanosis leads to improved clinical outcomes
nd growth (8,10).
Studies conducted to date examining somatic growth in
atients with SV physiology have demonstrated inconsistent
esults (11–15). Although many patients show growth
etardation preoperatively, studies have shown variable pe-
iods of catch-up growth after surgical intervention. The
emographic, surgical, and hemodynamic factors associated
ith somatic growth failure in these patients are not well
escribed. Furthermore, the relationship between arterial
nd venous collateral vessels and somatic growth has not
reviously been described.
We sought to characterize somatic growth for patients
ith SV physiology having undergone staged surgical pal-
iation, including BCPS and the Fontan procedure, and to
efine associated factors, particularly the effects of hemody-
amic variables and collateral vessels.
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tudy subjects. The study population consisted of patients
ith SV physiology who underwent the Fontan procedure
t the Hospital for Sick Children, Toronto, between January
994 and June 2004. This study was approved by the
nstitutional Research Ethics Board. Individual consent was
aived for chart review. Patients were identified from the
ardiac surgery and cardiology databases. To have a homo-
eneous population, inclusion in the study required that
oth the BCPS and the Fontan procedure had been
erformed at our institution. Furthermore, all patients must
ave had cardiac catheterization at our institution during 3
pecific time periods: before BCPS, between BCPS and the
ontan, and after the Fontan procedure, to assess hemody-
amic status and the presence of collaterals at each stage.
uring the study period, these catheterizations were per-
ormed routinely in almost all patients at our institution to
ssess hemodynamic status and to perform interventions to
ddress pathway obstruction, occlusion of venous and arte-
ial collateral vessels, and closure of Fontan pathway fenes-
ration. Patients for whom complete surgical or catheteriza-
ion data were not available, those with genetic syndromes
ssociated with growth failure, or patients who went on to
ransplantation were excluded. We did not exclude patients
ith low birth weight or pre-term gestation (36 weeks),
ecause these can be associated with severe congenital heart
isease and are a characteristic of the study population.
urthermore, we wished to examine any impact low birth
eight or pre-term gestation might have on subsequent
rowth trends.
easurements. Medical records data collected included
ender, primary cardiac diagnosis, morphology of the dom-
nant ventricle, and the presence of other noncardiac diag-
oses. The date and details of the procedure performed were
ecorded for all surgeries and interventional catheteriza-
ions. For the BCPS and Fontan procedures, specific data
n the type of anastamotic procedures performed, time
pent on cardiopulmonary bypass, and whether or not the
ontan pathway was fenestrated were noted. Any docu-
ented surgical complications were also recorded.
For each hospital visit, the patient’s height, weight, and
urrent medications were recorded. Height and weight
alues were converted to z-scores for analysis with the
enter for Disease Control normative population data (16)
atients with nutritional difficulties were identified and
efined as failure to tolerate or achieve sufficient caloric
ntake via oral feeding, necessitating nasogastric or gastros-
omy tube placement and an increased-calorie feeding
egimen. This strategy was not used prophylactically during
he study period at our institution.
For each cardiac catheterization, hemodynamic variables
ecorded included systemic arterial oxygen saturation, pul-
onary artery saturation and mean pressure, right atrial
ressure, and the end diastolic pressure of the dominant
entricle. Interventional procedures preformed during the patheterization were noted. Data
ere also recorded regarding the
resence of any venous or arterial
ollaterals identified at the time
f catheterization and whether or
ot these collaterals were embo-
ized. An active arterial or venous
ollateral was defined as being any collateral vessel that was
ot embolized during catheterization or surgically ligated.
ata analysis. Data are presented as means with SDs,
edians with minimum and maximum values, and frequen-
ies as appropriate. Measurements were grouped into 3 time
eriods corresponding to the different stages of the BCPS-
ontan surgical pathway. The pre-BCPS period was con-
idered as the time from birth until the BCPS. The
re-Fontan period was considered as the time from BCPS
o the Fontan procedure. The post-Fontan period was
onsidered as the time from Fontan to last follow-up.
Demographic, physiologic, surgical, and medical factors
otentially affecting weight and/or growth were initially
ested individually in a univariate mixed linear regression
odel adjusted for repeated measures over time. Variables
ound to significantly affect weight and/or growth in any of
he 3 periods were then included in a multivariable mixed
inear regression model for each time period. Backward
election was used to obtain a final model for each period.
ariable estimates from regression equations were used to
llustrate growth over time and the effect of collaterals on
rowth. Statistical analysis was performed with SAS statis-
ical software (version 9.1, SAS Institute, Cary, North
arolina). Default settings were used.
esults
tudy subjects. From a database of all cardiac surgical
atients, a total of 231 patients who had undergone BCPS
nd Fontan procedures at our institution and who had
ndergone at least 3 cardiac catheterizations were identified.
f these, 91 had not undergone catheterization during the
efined time periods at our institution and were therefore
xcluded from analysis, because hemodynamic status and
ollaterals status were not available. A further 5 patients
ho, upon review, did not meet inclusion criteria were
xcluded from the analysis. For an additional 9 patients,
omplete hospital records were unavailable at the time of
tudy. Therefore, a total of 126 patients were included, 44
35%) of whom were female. At the time of data collection,
atients had been followed for a median of 7.9 years (range
.8 to 16.3 years). The median number of weight and
eight measurements for each patient was 16, ranging up
o 58. Other characteristics of the study subjects are given
n Table 1.
urgical procedures. Of the patients studied, 97 (77%)
ad a surgical procedure performed before the BCPS. All
atients underwent BCPS and Fontan during the study
Abbreviations
and Acronyms
BCPS  bidirectional
cavopulmonary shunt
SV  single ventricleeriod. Details of the surgical procedures performed are
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Somatic Growth and Single Ventricle Physiology November 6, 2007:1876–83iven in Table 2. Three patients had documentation of
igation of collateral vessels at the time of other surgical
rocedures. The initial Fontan procedure required revision
n 2 patients.
edications. During the pre-BCPS period, 87 (69%)
atients were receiving cardiac medications and 20 (16%)
ere receiving noncardiac medications. Cardiac medications
ncluded beta-blockers, angiotensin-converting enzyme in-
ibitors, diuretics, antiarrhythmics, and anticoagulants.
uring the pre-Fontan period, 105 (83%) patients were
eceiving cardiac medications and 31 (25%) were receiving
oncardiac medications. After the Fontan procedure, 117
93%) patients were receiving cardiac medications and 32
25%) were receiving noncardiac medications.
utritional status. Nutritional difficulties as defined were
oted in 42 (33%) patients in the pre-BCPS period, 22
18%) patients in the pre-Fontan period, and 6 (5%)
atients in the post-Fontan period.
ardiac catheterizations. A total of 561 cardiac catheter-
zations were available for analysis. Of these, 312 (56%)
ere routine diagnostic or preoperative studies, 51 (9%)
ere performed for investigation of symptoms, and 198
35%) were performed for interventional purposes, includ-
ng collateral vessel occlusion and fenestration closure.
emodynamic variables from the pre-BCPS, pre-Fontan,
nd post-Fontan catheterizations are shown in Table 3.
In the pre-BCPS period, venous collateral vessels were
dentified in 5 (4%) patients and arterial collaterals were
dentified in 7 (6%) patients. In the pre-Fontan period,
enous collaterals were identified in 38 (30%) patients and
rterial collaterals were identified in 52 (41%) patients. In
he post-Fontan period, venous collaterals were identified
n 49 (39%) patients and arterial collaterals were identified
emographic Data andri ary Cardiac Diagnosis (n  126)
Table 1 Demographic Data andPrimary Cardiac Diagnosis (n  126)
Variable Value Missing
Female gender 44 (35%) 0
Median age at first measurement (yrs) 0 (0–7.9) 0
Mean birth weight (z-score) 0.7 1.2 16
Dominant left ventricle 80 (63%) 0
Primary diagnosis 0
Hypoplastic left heart syndrome 26 (21%)
Tricuspid atresia 25 (20%)
Double outlet right ventricle 18 (15%)
Pulmonary atresia with IVS 18 (15%)
Double inlet left ventricle 17 (13%)
Isomerism 4 (3%)
Transposition of the great arteries 3 (2%)
Other univentricular connection 3 (2%)
Ebstein’s anomaly 3 (2%)
Other 9 (7%)
Associated noncardiac diagnosis 15 (12%) 0
VS  intact ventricular septum.n 19 (15%) patients. vIn the pre-BCPS period, venous collaterals were em-
olized in 1 patient; no arterial collaterals were emboli-
ed. In the pre-Fontan period, venous collaterals were
mbolized in 15 (12%) patients and arterial collaterals
ere embolized in 32 (25%) patients. In the post-Fontan
eriod, venous collaterals were embolized in 41 (33%)
atients and arterial collaterals were embolized in 11 (9%)
atients.
omatic growth. The mean birth weight of studied pa-
ients (n  109) was 3.1 kg ( 0.7), with a median z-score
f 0.7 (3.8 to 1.8); 8 of 106 (8%) were born before 36
eeks of gestational age. The z-scores for weight, height,
nd weight-for-height at the last clinic visit before the
CPS (median age 0.5 years, range 0.1 to 8.5 years) were
1.6 (5.5 to 0.8), 0.6 (5.4 to 2.3), and 1.3 (10.0
o 2.6), respectively. The z-scores for weight, height, and
eight-for-height at the last clinic visit before the Fontan
median age 2.5 years, range 1.3 to 11 years) were 0.7
urgical Procedures
Table 2 Surgical Procedures
Variable Value Missing
Median age at first surgery (yrs) 0.1 (0–9) 0
Median age at BCPS (yrs) 0.7 (0.1–9) 0
Median age at Fontan (yrs) 2.7 (1.6–11.2) 0
Mean time BCPS to Fontan (yrs) 2.3 1.1 0
Surgeries before BCPS* 97 (77%) 0
Norwood 33 (26%) 0
Blalock-Taussig shunt 52 (41%) 0
Pulmonary artery band 19 (15%) 0
Other procedures 37 (30%) 0
BCPS procedure
Mean time on bypass (min) 89 36 12
Additional procedures 118 (94%) 0
Palliation reversal 74 (58%) 0
Pulmonary arterioplasty 58 (46%) 0
Atrial septectomy 26 (21%) 0
Vessel ligation 16 (13%) 0
Enlargement of VSD 6 (5%) 0
Post-operative complications† 7 (6%) 0
Fontan procedure
Extracardiac Fontan 89 (72%) 0
Lateral tunnel Fontan 36 (28%) 0
RA to PA conduit 1 (1%) 0
Fenestration 106 (84%) 0
Mean time on bypass (min) 90 44 11
Additional procedures 56 (44%) 0
Atrial septectomy 15 (12%) 0
Pulmonary arterioplasty 33 (26%) 0
Palliation reversal 3 (3%) 0
Vessel ligation 2 (2%) 0
Enlargement of VSD 2 (2%) 0
Unroof coronary sinus 1 (1%) 0
Post-operative complications‡ 17 (13%) 0
Individual patients could have more than 1 surgery before BCPS. †Prolonged pleural effusion
n  1), cerebral-vascular accident (n  3), rhythm disturbances (n  2), and lung lobe collapse
n  1). ‡Chylothorax (n  6), prolonged pleural effusion (n  3), cerebral-vascular accident (n 
), rhythm disturbances (n  4), surgical revision (n  2), and delayed sternal closure (n  1).
BCPS  bidirectional cavopulmonary shunt; PA  pulmonary artery; RA  right atrium; VSD 
entricular septal defect.
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November 6, 2007:1876–83 Somatic Growth and Single Ventricle Physiology5.2 to 2.1), 0.6 (4.9 to 1.9), and 0.4 (3.1 to 2.2),
espectively. The z-scores for weight, height, and weight-
or-height at the first clinic visit after the Fontan (median
ge 3.1 years, range 1.5 to 11.5 years) were 0.7 (5.2 to
.0), 0.7 (4.6 to 1.5), and 0.2 (3.3 to 2.4), respec-
ively. Trends in z-scores for weight over these 3 time
eriods are shown in Figure 1. A significant decline (p 
.01) in z-scores for weight was seen before the BCPS.
fter the BCPS, there was significant catch-up growth (p
.01), which leveled off after completion of the Fontan.
rends in z-scores for height over these 3 time periods are
hown in Figure 2. There was a small increase in z-scores
or height in the pre-Fontan period (p  0.02). After the
ontan, there was no significant increase in z-scores for
eight (p  0.29). Trends in z-scores for weight-for-height
re shown in Figure 3. There was no change in z-scores for
eight-for-height before BCPS (p  0.93). In the pre-
ontan period, there was a significant increase in z-scores
or weight-for-height (p  0.01), which leveled off after
ompletion of the Fontan (p  0.01). In the post-Fontan
eriod, z-scores for weight-for-height for these patients
rended to normal.
actors associated with somatic growth. Factors found to
e related to both z-scores for weight and trends in z-scores
or weight in our series are shown in Table 4. Lower
Hemodynamic Variables at Cardiac Catheterizat
Table 3 Hemodynamic Variables at Cardiac
Pre-BC
Variable n
Mean arterial oxygen saturation (%) 120
Mean PA oxygen saturation (%) 78
Mean PA pressure (mm Hg) 92
Mean pressure in RA (mm Hg) 109
Mean EDP dominant ventricle (mm Hg) 107
EDP  end-diastolic pressure; other abbreviations as in Table 2.
Figure 1 Trends in Z-Scores for Weight Over Time
There was a significant decrease in z-scores for weight before bidirectional
cavopulmonary shunt (BCPS) (p  0.01). There was a significant increase in
z-scores for weight in the pre-Fontan period (p  0.01), which levels off after
completion of the Fontan (p  0.01).-scores for birth weight were associated with lower
-scores for weight throughout all 3 study periods (the
esults were the same whether or not missing values for birth
eight were replaced with imputed mean values). The
equirement for surgical procedures before the BCPS was
ssociated with lower z-scores for weight in both the
re-BCPS and the pre-Fontan periods. Furthermore, the
equirement of pre-BCPS surgical procedures was corre-
ated with later age at BCPS, which was also associated with
mpaired growth (p  0.01). In the pre-BCPS period, the
resence of defined feeding difficulties was associated with
ower z-scores for weight (p  0.01). Higher right atrial
ressures noted at pre-BCPS catheterization were associ-
ted with both lower z-scores for weight and impaired
rowth before the BCPS (p  0.01). The association
etween of right atrial pressure on the trend for z-scores for
eight in the pre-BCPS period is shown in Figure 4. In the
ime between BCPS and Fontan, lower z-scores for weight
re seen for patients who had the Fontan at a later age (p 
.01) as well as those who had 2 or more active venous
ollaterals during this time period (p  0.01). Patients
aking cardiac medications during this period were also
ound to have lower z-scores for weight (p  0.03).
The relationship between active venous collaterals and
rend in z-scores for weight can be seen in Figure 5. In both
eterization
Pre-Fontan Post-Fontan
n Value n Value
8 117 86 5 105 92 6
9 111 68 10 101 69 8
5 24 11 2 120 12 3
7 96 7 7 — —
3 110 7 2 63 7 3
Figure 2 Trends in Z-Scores for Height Over Time
There was a small but significant increase in z-scores for height in the pre-
Fontan period (p  0.02). No significant change was seen in z-scores for
height in the post-Fontan period (p  0.29). BCPS  bidirectional cavopulmo-
nary shunt.ion
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Somatic Growth and Single Ventricle Physiology November 6, 2007:1876–83he pre- and post-Fontan periods the presence of 2 or more
ctive venous collaterals was associated with impaired
rowth (p  0.01) independently from arterial saturation
nd pulmonary artery pressure. Those who had venous
ollaterals embolized had no significant difference in trend
or z-scores for weight after embolization from those who
ad no collaterals or only 1 active collateral (p  0.89
re-Fontan; p  0.19 post-Fontan).
Presence of venous collateral after the BCPS was found to
e associated with lower arterial oxygen saturation (p 
.01), higher mean pulmonary artery pressure (p  0.01),
Figure 3 Trend in Z-Scores for Weight-for-Height Over Time
The z-scores for weight-for-height remained unchanged throughout the pre-
bidirectional cavopulmonary shunt (BCPS) period. There was a significant
increase in z-scores for weight-for-height in the pre-Fontan period (p  0.01),
which levels off after completion of the Fontan (p  0.01).
actors Associated Withower Weight-for-Age Z-Scores
Table 4 Factors Associated WithLower Weight-for-Age Z-Scores
Multivariable
Variable Estimate  SE p Value
Pre-BCPS period
Lower birth weight 1.341 0.095 0.01
Surgical procedures before BCPS 0.427 0.166 0.01
Feeding difficulties 0.201 0.070 0.01
Lower pressure in RA 0.050 0.023 0.03
Older age at BCPS/surgical procedures
before BCPS
0.216 0.090 0.02
Interaction between lower pressure in
RA and time
0.074 0.310 0.02
Pre-Fontan period
Lower birth weight 1.061 0.178 0.01
Surgical procedure before BCPS 0.675 0.237 0.01
Older age at Fontan procedure 0.242 0.062 0.01
On cardiac medications 0.102 0.047 0.03
Interaction between 1 active venous
collateral and time
1.937 0.750 0.01
Post-Fontan period
Lower birth weight 0.825 0.173 0.01
Interaction between 1 active venous
collateral and time
0.495 0.178 0.01bbreviations as in Table 2.igher right atrial pressure (p  0.01), and higher end
iastolic pressure in the dominant ventricle (p  0.02). At
he univariate level all impaired hemodynamic variables
ere found to be significantly associated with impeded
rowth.
The analysis was redone excluding pre-term patients (n
, 36 weeks gestational age), patients with non-cardiac
iagnoses (n  15), and patients who were transferred to
ur institution after the age of 2 years (n 2) to exclude the
ossibility that the associations and trends observed were
vertly influenced by patient subsets expected to have the
orse growth. Although some variables showed marginally
eaker associations than with the entire cohort, both
nalyses had similar results.
Figure 5 Effect of Venous Collaterals
on Z-Scores for Weight Over Time
Growth was impaired in patients with 2 collaterals in the pre-Fontan (p 
0.01) and in the post-Fontan (p  0.01) period. No difference was seen
between patients after embolization of collaterals and those who had 2
active collaterals (p  0.89 pre-Fontan; p  0.19 post-Fontan).
Figure 4 Effect of RA Pressure on Trends
in Z-Scores for Weight Over Time Before the BCPS
Higher right atrial (RA) pressure was associated with greater decline in z-scores
for weight from birth until the bidirectional cavopulmonary shunt (BCPS)
(p  0.02).
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rends for weight. Patients with SV physiology in our
tudy were underweight at birth and had a steep decline in
-scores for weight before the BCPS (p  0.01). Catch-up
rowth was seen after the BCPS (p  0.01), with leveling
ff of growth after Fontan. These results are similar to those
f Cohen et al. (11), who examined patients who had
emi-Fontan and Fontan. Although their cohort had nor-
al birth weight, a significant decrease in weight z-scores
as seen before hemi-Fontan (mean z-score 1.5). Signif-
cant increase in weight z-scores was seen before Fontan
mean z-score 0.9), and there were some gains after
ontan, with a z-score at last follow-up of 0.5. Stenbog
t al. (14) studied patients only after the BCPS with a
re-operative mean weight z-score of 1.1. Post-
peratively they report an increase in z-scores for a weight
f 1.1. Day et al. (12) studied patients who underwent either
CPS or Fontan and concluded that the greatest potential
or catch-up growth occurs after the BCPS, similar to our
ndings. Ovroutski et al. (15) studied patients who under-
ent BCPS and Fontan and found that the greatest growth
ccurred after Fontan. Their patients, however, had higher
irth weights (median in the 25th percentile) than those in
ur series and therefore, given our finding that lower birth
eight is associated with lower z-scores for weight through-
ut management, are likely not representative of our popu-
ation. In patients with SV physiology, it seems likely that
he most significant impairment in growth might occur in
he period before BCPS and that the greatest potential for
mprovement in growth trends occurs in the period between
CPS and Fontan.
mpact of venous collateral vessels. Venous collaterals are
nown to develop in patients after BCPS and Fontan and
epresent either reversal of flow within an existing vessel or
he opening of an entirely new vessel between the high-
ressure superior vena caval system and the low-pressure
nferior vena caval system or pulmonary venous atrium
17,18). Venous collaterals might be associated with in-
reased cyanosis, which might be a reflection of a reduction
n effective pulmonary blood flow (17,19). The presence of
enous collaterals increases both morbidity and mortality in
atients with SV physiology, and their occlusion improves
rterial oxygen saturation (20,21). Collateral vessels thought
o be of clinical significance are either embolized or surgi-
ally ligated. Our findings show that the presence of 2 or
ore venous collaterals that were not embolized is associ-
ted with a decline in z-scores for weight independently of
emodynamic values. For those patients in our series who
ad venous collaterals embolized or surgically ligated, trends
n z-scores for weight were the same as those for patients
ithout active collaterals or with 1 active collateral. It
s possible that the presence of clinically detrimental venous
ollaterals might limit growth secondary to underlying
mpaired hemodynamic variables, specifically higher pulmo-
ary resistance, and pressure, thereby increasing cyanosis lnd lowering potential for growth. This might be a revers-
ble effect, and if collaterals are embolized or ligated, these
atients might return to a growth trend similar to that
hich they were following before the development of
enous collaterals.
mpact of nutritional difficulties. Our finding that pa-
ients with nutritional difficulties have lower z-scores for
eight in the pre-BCPS period suggests that these patients
ikely require early and aggressive nutritional intervention.
esults from a cohort of infants undergoing cardiac surgery
ho were randomized to receive either rapid advancement
f a more concentrated formula or usual care demonstrated
hat infants who received a feeding intervention had signif-
cantly greater weight gain and improved clinical outcomes
22). Infants with hypoplastic left heart syndrome have
hown improved nutritional outcomes, including higher
eight-for-age z-scores at the time of hospital discharge, if
hey received aggressive nutritional support during their
arly hospital stays (23). It seems that in the vulnerable
eriod before the BCPS, aggressive interventions including
arly or prophylactic nutritional support might be indicated
o improve outcomes in patients with SV physiology.
ecause of improved hemodynamic variables and decreased
aloric requirements after the BCPS, nutritional interven-
ions should be targeted at the pre-BCPS period.
mpact of other factors. Our results suggest that impaired
rowth is seen in patients who required surgical intervention
efore the BCPS and who had the BCPS at a later age.
urthermore, impaired growth was seen in patients who had
he Fontan at a later age. These results are supported by
oth Stenbog et al. (14) and Ovroutski et al. (15), who
onclude that early surgical intervention is a requirement for
dequate catch-up growth. It is thought that the preserva-
ion of heart function early in the management course allows
or adequate catch-up growth to occur later in management
5). Elevated right atrial pressure in patients with SV
hysiology is likely associated with ventricular volume over-
oad and diastolic dysfunction during the period before the
CPS. We note that higher right atrial pressure before the
CPS is associated with both lower z-scores for weight and
mpaired growth.
rends for height. The trends for height in our series
iffered from that for weight, with patients starting out with
elow normal z-scores for height, which persisted through-
ut the study period. This is similar to the findings of Day
t al. (12), who found that no significant change in z-score
or height occurred after completion of the Fontan. In our
eries, there was a small increase in z-scores for weight seen
fter completion of the BCPS, but this did not seem to
ontinue after Fontan. A similar small increase was found by
tenbog et al. (14), who found an increase in z-scores for
eight of 0.8, from a pre-operative value of 0.5. These
atients were not followed after further surgical manage-
ent. These findings suggest that patients with SV physi-
logy have impaired growth with respect to height in the
ong term. Studies have shown that patients with congenital
h
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y chronic hypoxemia in childhood (24). This delay in bone
ge is directly correlated with lower height percentiles. This
s further supported by Witzel et al. (25), who report that
atients who required a Fontan remained significantly
horter than the normal population even into adolescence.
urthermore, they demonstrate abnormal bone density in
hese patients and suggest this might play a role in the
tunting of growth. It is likely that the chronic hypoxemia
xperienced by children with SV physiology might impair
nitial bone development at a crucial stage and impact
rowth even after surgical palliation.
rend for weight-for-height. The trend observed in our
eries in z-score for weight-for-height is as expected, given
he large change in z-scores for weight and the lack of
hange in z-scores for height throughout the early manage-
ent of these patients. The flat-line in the BCPS period
hows that losses in z-scores for weight are proportional to
osses in z-scores for height. After BCPS, however, differ-
ntial gains made in z-scores for weight are likely respon-
ible for the increase seen in weight-for-height z-scores. It
hould be noted that after completion of the Fontan, the
-scores for weight-for-height are above normal, which
ight reflect increased adiposity in the setting of short
tature and might also be a result of the sedentary lifestyle
ecently described in this population (26).
tudy limitations. The present study is limited by its
etrospective nature and the nonstandardized measurements
f weight and height. It should be noted, however, that
easurements were taken at our institution on standard
quipment at each visit. The inclusion of only those patients
ho survived to the time of post-Fontan catheterization
ight be a potential source of bias; however, it was
ecessary to obtain data on hemodynamic variables and
ollaterals and does create a more homogenous population.
urthermore, although the general standard at our institu-
ion is to perform routine cardiac catheterization approxi-
ately 6 to 12 months after completion of the Fontan, this
as left to the discretion of each patient’s responsible
ardiologist, particularly in the early part of the reported
xperience. Before routine post-Fontan catheterization, pa-
ients only underwent catheterization for symptoms or for
rocedural reasons, and therefore our early experience might
e impacted by a lack of data on asymptomatic patients who
equired no procedural intervention. Finally, the data col-
ected on collateral vessels did not account for the clinical
mportance of these collaterals, and therefore all noted
ollaterals were included in the analysis. It is possible that
he relationships regarding the presence of collateral vessels
ight be further magnified by analysis including only
linically important vessels.
onclusions
his study shows that patients with SV physiology have
mpaired growth before BCPS. Although catch-up growthccurs after BCPS, early intervention such as implementa-
ion of more aggressive nutritional strategies before BCPS
urgery might be directed toward this at-risk population.
ur results suggest that the presence of venous collaterals is
ikely associated with impaired growth secondary to hemo-
ynamic impairment and hypoxemia. In patients that have
enous collaterals embolized, growth potential might be
estored. After completion of the BCPS, it might be
ecessary to assess and embolize venous collaterals, partic-
larly vessels draining into the inferior vena caval system or
he pulmonary venous atrium, to allow for maximum
rowth potential to be reached. Further research is required
o clarify the relationship between venous collaterals and
rends in growth and to determine effective nutritional
trategies that might improve growth, particularly in the
re-BCPS period.
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